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INTRODUCTION
Percutaneous endovascular revascularization is an estab-

lished and highly accepted therapy for peripheral arterial 
diseases (PAD) [1]. It requires deliberate arterial puncture for 
access, most commonly the common femoral artery, which 

must be sealed at the end of the procedure. Failure to seal 
adequately can lead to puncture-related complications, which 
may include groin hematoma, pseudoaneurysm, arteriovenous 
fistula, thrombosis, and dissection. Excessive bleeding from 
the puncture site can be fatal and therefore must not be 
underestimated, but in some cases of retroperitoneal bleeding, 
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Purpose: Pseudoaneurysms after percutaneous vascular access are common and potentially fatal if left untreated. 
The aim of this study was to determine the incidence and risk factors associated with access site pseudoaneurysms 
after endovascular intervention for peripheral arterial disease (PAD) under a routine postintervention ultrasound (US) 
surveillance protocol. 
Methods: A total of 254 PAD interventions were performed in a single center between January 2015 and November 2016, 
and puncture site duplex US surveillance was routinely performed within 48 hours of the procedure. Clinical, procedural 
and follow-up US data were analyzed. 
Results: The overall incidence of pseudoaneurysm was 2.75% (6 cases in the femoral artery and 1 in the brachial artery). 
There was no difference between retrograde and antegrade approach, but there was a higher rate of pseudoaneurysm 
formation after manual compression compared to arterial closure device (ACD) use (4.3% vs. 0.87%). Manual compression 
was more commonly used for antegrade punctures (79.0%) and ACD for retrograde punctures (67.7%). Calcification was 
more frequently found in antegrade approach cases (46.8% vs. 16.9% for retrograde cases) and manual compression 
was preferred in its presence. All pseudoaneurysms were treated successfully at the time of diagnosis by US-guided 
compression repair and there were no cases of rupture. 
Conclusion: Pseudoaneurysm rates after therapeutic endovascular intervention for PAD were comparable to other 
cardiologic or interventional radiologic procedures despite the higher possibility of having a diseased access vessel. 
Routine US surveillance of access sites allowed for early diagnosis and noninvasive treatment of pseudoaneurysms, 
preventing potentially fatal complications.
[Ann Surg Treat Res 2019;96(6):305-312]
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early diagnosis can be missed. The rate of puncture-related 
complications has been reported to range from 1.5% to 9%, 
and surgical repair is required in 20%–40% of these cases [2,3]. 
Furthermore, these complications can lead to longer length of 
hospitalization, increased patient discomfort and an increase 
in socioeconomic burden. Pseudoaneurysms are one of the 
trouble some complications that can rupture if left untreated. 
Some society guidelines have recommended an acceptable rate 
of <0.2%, but the reported rates of femoral pseudoaneurysm in 
the literature vary from as low as 0.2% to up to 3.8% of patients 
when routine duplex ultrasound (US) imaging was performed. 
[4,5].

Manual compression of the access site is the most widely 
accepted and cost-effective method of achieving hemostasis 
after endovascular intervention, but it is claimed to be time 
consuming and uncomfortable for the patients. Additionally, its 
mechanism of hemostasis does not lead to direct closure of the 
vessel, and therefore it is more prone to bleeding complications, 
especially if patient cooperation is suboptimal. In order to 
overcome these drawbacks, arterial closure devices have been 
developed to directly seal the punctured artery. Their efficacy 
has been proven by many previous studies, and they are 
nowadays widely used, with the advantage of being comfortable 
for both the patient and the physician, and allowing for early 
mobilization and recovery. However, their cost and their 
indications for use may preclude their routine use in daily 
practice. Therefore the risks and benefits of arterial closure 
devices remain a source of controversy [6,7].

The aim of this study was to report the rate of puncture-
related pseudoaneurysm formation after therapeutic endo-
vascular intervention for PAD in a population where routine 
duplex US surveillance was performed the next day after the 
intervention. Additionally, the risk factors associated with 
pseudoaneurysm formation were determined, with special 
attention to puncture direction and method of hemostasis.

METHODS
We retrospectively reviewed a prospectively collected 

data of 273 cases that underwent therapeutic endovascular 
intervention for occlusive and nonocclusive diseases of the 
peripheral arterial system from January 2015 to November 
2016. The primary aim of this study was to determine the 
rate of puncture-related pseudoaneurysm formation based on 
a routine duplex US surveillance protocol the next day after 
the initial intervention. The patients’ clinical characteristics, 
including medications (antiplatelet and anticoagulation agents), 
comorbidities and etiology of the disease were analyzed 
from electronic medical records. Procedural details were also 
evaluated, which included the site of puncture, direction of 
access (antegrade vs. retrograde), sheath size, heparin dosage, 

degree of calcification at the access site (grades 1–4 according 
to the peripheral arterial calcium scoring system) [8] method 
of hemostasis, and type of arterial closure device used. We 
excluded 19 cases that had not undergone follow-up duplex US 
after the intervention. Additionally, groin hematomas were not 
included in this study due to the benign nature of progression. 
The study was approved by the Institutional Review Board of 
Seoul National University Bundang Hospital (IRB No. B-1801-442-
105), and informed consent was waived due to the retrospective 
nature of the study.

Procedure
All endovascular interventions were performed in a hybrid 

operation room equipped with a bi-planar fixed C-arm. All 
procedures were therapeutic in nature and diagnostic cases 
were not included in this study. Access was obtained using 
the Seldinger technique under ultrasound-guidance and a 
micropuncture set with a 21-gauge needle was used routinely 
for all cases. Areas of calcification were avoided during puncture 
whenever possible. The direction of access was retrograde for 
iliac and aortic pathologies or crossover interventions, while 
antegrade approach was used for femoro-popliteal or below-the-
knee interventions. Patients were anticoagulated routinely with 
unfractionated heparin with dosage based on body weight and 
endovascular procedures were performed by an experienced 
vascular interventionist with good expertise in endovascular 
intervention.

Access site management after intervention
Arterial sheaths were routinely removed in the operation 

room and hemostasis was achieved either by manual 
compression or by use of arterial closure devices. The method 
of hemostasis was mainly decided on the basis of physician 
preference, but manual compression was preferred for small 
caliber sheaths or for heavily calcified access sites. Manual 
compression was performed by the first assistant for at least 
20–30 minutes, a compression bandage was then applied, and 
patients were advised to stay immobilized for at least 6–8 hours 
after the procedure. For ACDs, the puncture sites and gloves 
were sterilized with chlorhexidine solution before application 
of the devices, and arterial closure was performed according 
to the instructions for use of each device. The ACDs used were 
the Perclose ProGlide (Abbott Vascular Inc., Santa Clara, CA, 
USA), FemoSeal (St. Jude Medical, St. Paul, MN, USA), StarClose 
(Abbott) and Mynx (Cardinal Health, Dublin, OH, USA). In these 
patients, bed rest for 4 hours after closure was recommended. 

Duplex ultrasound examination
Duplex US was performed routinely the next day after 

endo vas cular intervention by registered vascular technicians 
in a noninvasive vascular lab. For the femoral artery, the US 
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was scanned from the distal external iliac artery down to the 
proximal portion of the superficial femoral artery, with special 
attention to the femoral bifurcation. A pseudoaneurysm was 
defined as a swirling color flow seen in a mass separate from 
the femoral artery, with color flow within a tract leading from 
the artery to the mass (consistent with a pseudoaneurysm 
neck), and a characteristic “to and fro” Doppler waveform 
in the pseudoaneurysm neck. The maximum diameter of 
each pseudoaneurysm was determined and documented on 
transverse and longitudinal views. The shape and diameter of 
the neck were also measured.

Ultrasound-guided compression repair
The initial treatment strategy after pseudoaneurysm 

detection was ultrasound-guided compression repair (UGCR), 
which was performed using a technique previously described 
[9]. At the time of detection, gradual pressure was applied 
under ultrasound guidance with a linear probe to interrupt 
flow in the pseudoaneurysm neck while allowing flow through 
the supplying artery. After approximately 10 to 15 minutes of 
compression, both flow and peripheral pulses were reassessed, 
and the procedure was repeated at most 3 times (maximum 
45 minutes of compression time) if the false lumen and neck 
were still patent. The patient was kept supine for 3 to 4 hours 
with the affected leg in a stretched position. A successful UGCR 
was defined as one that achieved complete thrombosis of the 
pseudoaneurysm lumen with elimination of flow within the 
sac. Follow-up US was obtained within 24 hours to detect for 
any recurrence.

Statistical analysis
All continuous data are presented as mean ± standard devi-

ation and categorical data as frequencies and percentages. 
Statistical analysis for comparison of groups was done using 
the t-test for continuous variables and chi-squared test for 
categorical variables. A P-value of less than 0.05 was considered 

to be statistically significant. All analyses were done using IBM 
SPSS Statistics ver. 20.0 (IBM Co., Armonk, NY, USA).

RESULTS
A total of 254 cases (199 patients) with duplex US surveil-

lance after endovascular intervention were analyzed (Fig. 
1). The mean age was 73 ± 12 years and 85% were males. 
The characteristics of the patients are shown in Table 1. The 
indications for treatment were peripheral arterial occlusive 
diseases in 75% of cases, aneurysmal disease including aortic 
aneurysms in 21% and acute arterial thrombosis in 4% of cases. 
Most accesses were performed via the femoral artery with 
selected cases of brachial artery access (n = 7) when indicated. 
There were 124 cases of antegrade approach and 130 cases of 
retrograde approach. 

For antegrade approach cases, manual compression was more 
commonly used (79.0% vs. 21% for ACD) while for retrograde 
approach, ACD use was more common (67.7% vs. 32.3% for MC). 
Analyses of parameters related to antegrade versus retrograde 
approach are shown in Table 2, with subanalysis based on 
method of hemostasis and type of ACD used. Calcification was 
more prevalent in antegrade approach cases (46.8%) compared 
to retrograde cases (16.9%), and manual compression was 
preferred in these cases irrespective of access direction. A large 
proportion of ACD use in the retrograde approach group was 
due to aneurysmal disease in the aortoiliac region which was 
treated by percutaneous endovascular aneurysm repair (EVAR). 
These were all large bore sheaths that required at least 2 ACDs 
for each puncture site. 

Based on our post-intervention duplex US surveillance, there 
were 6 cases of femoral artery pseudoaneurysm (2.4%) and 1 
case of brachial artery pseudoaneurysm (0.39%). The case of 
brachial artery pseudoaneurysm was found in the retrograde 
manual compression group. The rate of pseudoaneurysm 
formation between antegrade and retrograde approach was 

Ahmed Eleshra, et al: Pseudoaneurysms after peripheral arterial intervention

273 Cases of intervention

254 Cases followed by
duplex US surveillance

19 Cases excluded
due to missed duplex US

MC (n = 140)
Complication = 5%

ACD (n = 114)
Complication = 2.6%

6 Pseudoaneurysms
(4.3%)

1 Pseudoaneurysm
(0.87%)

2 Procedural complications
(distal site occlusion and

failure to seal)

Fig. 1. Overall access site com-
plication rate after thera peutic 
endovascular intervention during 
the study period. US, ultrasound; 
MC, manual compression; ACD, 
arterial closure device.
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similar (3.1% in both groups) but there was a higher predilection 
for pseudoaneurysm formation after MC in both groups (3.1% 
in antegrade and 7.1% in retrograde approach, overall 4.3%). 
There was only one case (0.87%) of pseudoaneurysm formation 
after ACD use, which occurred after use of FemoSeal in a 
retrograde approach case. Other complications included 1 
case of failed hemostasis and 1 access site occlusion due to 
Perclose ProGlide failure during retrograde approach for EVAR 
which required open conversion. Additionally there were 15 

patients with subcutaneous hematoma (5.9%), but no other local 
complications (such as arteriovenous fistulas or dissections) 
were found during duplex US. 

The periprocedural characteristics of the cases of pseudo-
aneurysm formation are shown in Table 3. All pseudo-
aneurysms occurred after 6F sheath use and around 43% of 
patients were taking dual antiplatelet/anticoagulation agents 
preoperatively. A low platelet count of less than 200 × 109/L 
was also found in 43% of these patients. 

Table 1. Demographic findings of patients with or without pseudoaneurysm

Variable Total  
(n = 199)

Pseudoaneurysm  
(n = 7)

No pseudoaneurysm  
(n = 192) P-value

Age (yr) 73 ± 12 70 ± 14 72.7 ± 12 0.767
Male sex 169 (85) 7 (100) 162 (84) 0.501
Body mass index (kg/m2) 20 ± 5 19.5 ± 4 20 ± 5 0.599
Comorbidities
    HTN 133 (67) 3 (42.9) 130 (67.7) 0.333
    DM 95 (48) 5 (71.4) 90 (46.9) 0.541
    CKDa) 36 (18) 4 (57.1) 32 (16.1) 0.413
    Ischemic heart disease/stroke 45 (23) 5 (71.4) 40 (20.8) 0.261
    Current smoker 75 (38) 3 (42.9) 72 (37.5) 0.563
    Dyslipidemia 60 (30) 1 (14.3) 59 (30.7) 0.140
Indicationsb)

    Chronic PAOD 190 (75) 6 (85.7) 184 (74.5) 0.814
    Aneurysmc) 53 (21) 1 (14.3) 52 (21.1) 0.652
    Arterial thrombosis 11 (4) 0 (0) 11 (4.5) 0.175

Values are presented as mean ± standard deviation or number (%).
HTN, hypertension; DM, diabetes mellitus; CKD, chronic kidney disease; PAOD, peripheral arterial occlusive disease.
a)Estimated glomerular filtration rate <30 mL/min/1.73 m2. b)Among a total of 254 cases. c)Anatomic distribution of aneurysms (n = 53): 
aortoiliac 49, isolated iliac 3, splenic 1.

Table 2. Comparison of access direction according to method of hemostasis

Variable
Antegrade (n = 124) Retrograde (n = 130)a)

MC (n = 98) ACD (n = 26) MC (n = 42) ACD (n = 88)

Calcificationb), n (%) 57 (58.2) 1 (3.8) 13 (31.0) 9 (10.2)
Indication
    Chronic PAOD 87 26 42 35
    Aneurysm 0 0 0 53
    Arterial thrombosis 11 0 0 0
Complication
    Pseudoaneurysm, n (%) 3 (3.1) 0 3 (7.1)c) 1 (1.1)
    Failed hemostasis 0 0 0 1
    Access site occlusion 0 0 0 1
ACD type
    Perclose ProGlide - 0 - 49
    FemoSeal - 4 - 39
    StarClose - 21 - 0
    Mynx - 1 - 0

MC, manual compression; ACD, arterial closure device; PAOD, peripheral arterial occlusive disease.
a)Includes 7 cases of brachial artery access. b)Presence of calcification in >50% of circumference of access vessel. c)Includes 1 case of 
brachial artery access.
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Data obtained from duplex US scan regarding pseudo-
aneurysm characteristics showed that the arterial wall at the 
puncture site was healthy in 6 patients, while calcification 
and atherosclerosis was detected in only 1 patient. All 
pseudoaneurysms were single in nature and the shape ranged 
from oval or saccular to irregular. The mean diameter of the 
pseudoaneurysms was 34.0 mm × 16.1 mm (longitudinal 
and transverse diameters) and the mean diameter of the 
pseudoaneurysm neck was 1.4 mm. Doppler waveforms in the 
pedal arteries were triphasic in all examined patients. 

UGCR performed at the time of US diagnosis achieved suc-
cessful thrombosis of the pseudoaneurysm sac and neck in all 
patients (Fig. 2). All patients tolerated the UGCR procedure well. 
Follow-up duplex US after 24 hours showed a well thrombosed 

sac and all patients were found to be asymptomatic with no 
evidence of recurrence during clinical follow-up after 30 days.

DISCUSSION
The overall rate of pseudoaneurysm formation was 2.75% in 

our single center study of 254 cases of therapeutic endovascular 
intervention for PAD during a period of less than 2 years. 
This overall rate is similar to, or lower than other reports that 
have reported pseudoaneurysm rates of up to 9%. Although 
this is a single center study with a relatively small number of 
patients analyzed, this study describes a real world experience 
of consecutive patients having undergone routine duplex US 
surveillance after intervention to screen for the presence of 

Ahmed Eleshra, et al: Pseudoaneurysms after peripheral arterial intervention

Table 3. Periprocedural findings of cases with or without pseudoaneurysm

Variable Pseudoaneurysm cases  
(n = 7)

No pseudoaneurysm cases 
(n = 247) P-value

Procedure time (min) 111 ± 45 134 ± 28 0.435
Access site
    Femoral retrograde 3 (42.9) 120 (48.6) 0.476
    Femoral antegrade 3 (42.9) 121 (49.0) 0.463
    Brachial retrograde 1 (14.2) 6 (2.4) 0.273
Medications
    Double antiplatelet (preoperative) 2 (28.6) 40 (16.2) 0.683
    Warfarin (preoperative) 1 (14.2) 19 (7.7) 0.492
Low platelet count (<200 × 103/µL) 3 (42.9) 24 (9.7) 0.074
Calcificationa) 1 (14.2) 60 (24.3) 0.427
Infection 0 (0) 0 (0) -
Overlying skin necrosis 0 (0) 0 (0) -
Deep vein thrombosis 0 (0) 0 (0) -

Values are presented as mean ± standard deviation or number (%).
a)Presence of calcification in >50% of circumference of access vessel.

A B

Fig. 2. Duplex ultrasound before 
and after ultrasound guided 
compression repair. (A) Before 
compression with white arrow 
indicating flow through the neck 
of the pseudoaneurysm. (B) After 
compression repair.
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pseudoaneurysms. It is important to note that this study only 
involved cases of therapeutic intervention, which usually 
requires higher caliber sheaths, more manipulation (due to 
more frequent device exchange) and longer procedural times 
than diagnostic procedures, all of which have been reported to 
be risk factors for pseudoaneurysm formation [10,11]. This is 
the reason why reported rates of pseudoaneurysm formation 
after diagnostic procedures are around 0.7% but increases to 
3.5%–7% for therapeutic procedures [4]. Furthermore, this study 
involved cases of EVAR in 21% of the cases, which require 
sheaths of up to 22 French, and can be considered to be more 
prone to access site complications including pseudoaneurysms. 
Despite the use of higher caliber sheaths and routine use of 
duplex US for detection of pseudoaneurysms (which can lead 
to higher reporting rates compared to other studies), the rate 
of pseudoaneurysm formation in our study was comparable to 
other major studies. 

This study includes a large proportion of antegrade femoral 
access cases, which is solely performed for infrainguinal 
lower extremity arterial diseases. Most studies evaluating 
access site complications or method of hemostasis have 
been performed for cardiologic or interventional radiologic 
procedures, which require retrograde femoral approach [12,13]. 
Therefore direct comparison between our study and other 
major studies may not be suitable. It should be noted that the 
presence of PAD has been associated with a higher incidence 
of pseudoaneurysm formation [14]. Calcification is a well-
known factor related to access site complications [15], and our 
results showed a higher prevalence of calcification in antegrade 
approach cases. An explanation for this is that many of our 
cases included treatment of diabetic foot, which is known to 
be related to medial calcinosis, and also predominantly affect 
the infrapopliteal vessels, requiring an antegrade approach. 
Additionally, our retrograde approach cases included cases of 
aortic aneurysm repair, which may be less prone to calcification, 
leading to the lower presence of calcification in our retrograde 
cases.

An analysis of parameters related to pseudoaneurysm 
for ma tion showed that none of the risk factors analyzed 
were statistically significant, although the small number 
of cases with pseudoaneurysm compared to cases without 
pseudoaneurysm does not allow for a direct comparison 
between the 2 groups due to lack of statistical power. However, 
there was a tendency for higher prevalence of comorbidities 
(especially DM) in this population. Additionally, a platelet 
count of less than 200,000/µL was also found in around half 
of the patients. Preoperative low platelet count has been 
reported to be a risk factor for pseudoaneurysm formation, as 
well as the use of antiplatelets and/or anticoagulants in both 
pre- and postprocedural periods [16,17]. Other reported risk 
factors for pseudo aneurysm formation include advanced age, 

female gender, increased BMI, larger sheath size and emergency 
procedures, but our results did not show such significance due 
to the small numbers. 

Our protocol of routine duplex US surveillance after inter-
vention has the advantage of detecting pseudoaneurysms in 
the early postintervention period, allowing for early treatment. 
Whether the routine use of duplex US for screening is cost-
effective is another issue, but it allows for detection of 
pseudo aneurysms that can go unnoticed by simple physical 
examination and present later with rupture. As expected, there 
were no cases of rupture in our patients and all of them were 
effectively treated by UGCR. UGCR is known to have a success 
rate of 75%–90% [18-20], but in our study all pseudoaneurysm 
cases were successfully treated by UGCR without the need for 
additional, more invasive procedures. Our high success rate 
of UGCR may be attributed to the fact that pseudoaneurysms 
were detected at an early phase when the size was relatively 
smaller and there was no infiltration or inflammation of the 
tissue surrounding it, allowing for easier and more effective 
compression. In addition, all of our cases of pseudoaneurysm 
had a narrow neck, which is known to be a favorable anatomic 
characteristic for successful thrombosis after UGCR. Although 
UGCR has the disadvantage of being uncomfortable for both the 
patient and the operator, it is one of the least invasive ways of 
treating these pseudoaneurysms. 

A subanalysis based on method of hemostasis was also 
performed, even though this was not a head-to-head compari-
son between MC versus ACD. Since the decision of whether to 
use MC or ACD was based on physician preference, our study 
results show that MC was preferred for cases with calcification 
at the access site. Such strategy is also widely used by many 
interventionists since it is well known that ACD failure occurs 
more frequently on calcified access vessels. Based on our 
comparison, pseudoaneurysms were more common after MC 
compared to ACD. The main reason may be due to the more 
calcified or diseased nature of the access vessels in the MC 
group, which may also correlate with the high proportion of 
DM in patients with pseudoaneurysm, as previously mentioned 
(71% vs. 48% in the overall study population). However another 
possibility is that MC is also related to interpersonal differences 
depending on the expertise of the person who performs the 
compression (the first assistant in our study). Ates et al. [21] 
reported that the number of cases in a particular room was 
an independent risk factor for pseudoaneurysm formation 
and attributed this to personal factors associated with the 
person performing the manual compression (including 
total compression time). Additionally, for MC we routinely 
performed 30 minutes of compression regardless of sheath 
size and decided to stop if there was no visual evidence of 
extravasation, but there are suggestions that compression time 
should differ based on the size of the sheath used. Therefore 
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our uniform protocol of compression may have led to a higher 
rate of pseudoaneurysm in the MC group. Although ACD use 
led to lower rates of pseudoaneurysm formation in our study, 
it must be noted that ACD failure is also very important since 
it may require open repair (as in 2 cases in our study). Another 
interesting finding was that we used ACDs in 32% of our 
antegrade approach cases, mostly StarClose, but yet there were 
no cases of pseudoaneurysms. The use of ACDs for antegrade 
approach is off-label for most devices and data is still lacking, 
but many recent reports have reported the feasibility and safety 
of ACD use in antegrade punctures for specific devices [22-
26], and our experience also advocates its use for antegrade 
punctures. 

Although most of the randomized trials and meta-analyses 
comparing ACDs versus MC have failed to show a superiority 
of ACDs in terms of safety and complication rates, the overall 
tendency is that ACDs are favored for pseudoaneurysms in 
particular, since it actively seals the puncture hole limiting the 
formation of hematoma around the artery subsequently leading 
to pseudoaneurysm formation. With improvements in ACD 

technology, and the development of lower profile endovascular 
devices, one can expect that the rate of pseudoaneurysm 
formation after ACD use will further decrease. 

In conclusion, this study shows that the rate of pseudo-
aneurysm formation after therapeutic endovascular inter-
vention for PAD is comparable to other cardiologic or radiologic 
procedures despite the higher possibility of puncturing a 
diseased access vessel in this specific population. Our routine 
duplex US screening protocol for puncture site evaluation 
allowed for early diagnosis and successful noninvasive 
treatment of this potentially fatal complication. Finally, our 
study showed that MC was associated with higher rates of 
pseudoaneurysm formation, probably due to higher rate of 
calcification, but larger studies with randomization are needed 
to determine whether ACD is superior to MC. 
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